The development of the nacreous cell wall in the sieve tube of the petiole, fruit stalk, and root in four Rosaceae fruit trees: loquat (Eriobotrya japonica Lindl.); peach (Prunus persica (L.) Batsch.); apple (Mains domestica L. Borkh.) and Japanese pear (Pyrus pyrifolia Nakai) was observed. In addition, the soluble carbohydrate contents in these organs and in the leaves and fruits were determined.
Introduction
A mature leaf exports soluble carbohydrates, mainly sorbitol, into sink organs in the woody Rosaceae plants (Webb and Burley, 1962; Williams et al., 1967; Bieleski, 1969; Hansen, 1970; Reid and Bieleski, 1974; Williams and Raese, 1974) . Sorbitol is subsequently converted to other sugars in the fruit; i.e. mature peach fruit is characterized by high sucrose content (Ishida et al., 1971; Kakiuchi et al., 1981; Moriguchi et al., 1990) . The pathway of carbohydrate translocation is mainly via phloem tissue, particularly the sieve tube element. The mechanisms of carbohydrate translocation from the leaf involve both symplastic and apoplastic pathways. Many reports have addressed key structures, namely plasmodesmata and the cell wall protuberance of transfer cells (Gunning et al., 1968; Gunning and Pate, 1969; Pate and Gunning, 1972; Esau and Thorsch, 1985) . Nii (1993) reported that the sieve tube in several Rosaceae fruit trees formed the nacreous cell wall which differed developmentally among species and organs, whereas, no such structure was found in the sieve elements of citrus, grape, and Japanese persimmon, whose translocated carbohydrate is mainly sucrose. Although the nacreous features of the sieve elements have been reported for Prunus and Pyrus (Esau and Cheadle, 1958) Evert and Eichhorn, 1974; Neuberger and Evert, 1974; Evert and Eichhorn, 1976; Kuo, 1983) .
Neuberger and Evert (1974) reported that the mature. plasmalemma-lined sieve tube contains a de-generated nucleus and mitochondria, intact plastids, but no vesicular membranes. Kuo (1983) has also reported that the appearance of the nacreous cell wall differs according to the type, age and growing conditions of organs. In this study, the organelles in mature sieve tube elements of peach leaves were absent. In photomicrographs obtained with the TEM reveal that the wall of many sieve elements consists of two distinct layers, a cmparatively thin inner layer and a thick outer layer (Fig. 3A and 3B) .
Ultrastructurally, the wall contains parallel micro- (Srivastava, 1969; Stevenson, 1977) .
We observed no plasmodesmata in any developmental stage of the sieve tube, whereas Neuberger and Evert (1974) , Stevenson (1974) , and Kuo (1983) reported that open pores were present in sieve plates along with branching plasmodesmata. In the petiole of young, unfolded peach leaves (5.1 cm2/leaf area), a feature of p-protein body occurred in the central part of the cytoplasm of the sieve tube (Fig. 4) . This relatively large body, containing hexagonally arranged p-protein tubules was dispersed into the cytoplasm during leaf expansion, as reported by Stevenson (1974) and Behnke (1989) . These particles disappeared from the cytoplasm of sieve tubes of mature leaves. In the loquat, the area of the phloem increased and the sieve tube, having cell wall ingrowth, also increased during leaf area enlargement (Fig. 5) . Nacreous cell wall occurred in the petiole of very young loquat leaves (12.3 cm2/leaf area). The nacreous cell wall in sieve tubes of mature leaves nearly occupied the entire cell ( Fig. 3C and 3D) , so that the cell organelles were absent in the cytoplasm.
2. Nacreous cell wall in sieve tube and sorbitol con- tubes of loquat roots. Kuo (1983) previously reported that the behavior and development of the nacreous layer were quite variable and were dependent upon the type of organs, the age of the sieve elements, and the growing conditions. He observed nacreous cell walls in leaf blade, leaf sheaths, rhizomes, and erect stems but not in roots tissues. Analyses of extracts from mature leaves, petioles, fruit stalks, fruit, and large roots revealed that sorbitol was the predominant component in the lamina and petiole of all species (Fig.   9 ). Similar results were reported earlier (Williams et al., 1967; Bieleski, 1969; Yamaki et al., 1979; Hirai, 1983 
